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ABSTRACT 
 Elk (Cervus elaphus nelsoni) that utilize the Buffalo Valley as winter range have 
an accessible option of supplemental winter feeding at the nearby National Elk Refuge 
near Jackson, Wyoming.  However, many elk choose to stay in the Buffalo Valley and 
utilize native winter habitat.  Habitat projects in the form of prescribed fire have been 
implemented to improve native winter habitat in the brucellosis endemic area of 
Wyoming in an effort to reduce elk dependency on supplemental winter feed.  A 
reduction in elk dependency on supplemental feed would reduce the occurrence of high 
elk densities on feedgrounds; thereby decreasing the risk of transmission of diseases such 
as brucellosis.  We used GPS collar data from 15 female elk to investigate winter habitat 
selection in the Buffalo Valley at the study area and within-home range scale, with 
respect to burned and unburned habitat in the area, as well as presence of supplemental 
feed.  Elk were selective for physical, habitat, and disturbance characteristics at the study 
area scale of analysis.  No habitat treatments conducted within 5 years were included in 
elk home ranges when supplemental feeding was present and less than 5% were included 
when supplemental feed was not present.  Elk showed a limited amount of fidelity to 
winter ranges in successive years including areas with and without supplemental feed. 
This study will aid in the implementation of management techniques regarding elk, 
supplemental feeding, habitat treatments, and disease management.  
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CHAPTER 1: GENERAL INTRODUCTION 
INTRODUCTION 
 Understanding elk (Cervus elaphus nelsoni) movements and the type of habitats 
that they select is information that can be used to help better manage the species and the 
future obstacles that they face.  Since the late 1800’s, elk have competed not only with 
themselves and other wild ungulates for resources, but also with an ever growing 
population of humans who utilize native land and habitat for agriculture and livestock 
(Anderson 1958).  Prior to European settlement, elk were estimated to total more than 10 
million animals in North America (Seton 1927). In the early 1900’s, elk were thought to 
have totaled no more than 50,000-90,000 in North America, but have since bounced back 
to record numbers due to stricter hunting regulations, the creation and regulation of our 
national park system, the creation of refuges and public lands, and the large quantities of 
research conducted that have helped better manage elk populations.  Record numbers of 
elk and increased interaction with humans and their domestic animals call for updated 
management techniques and practices.  Recent technological advancements have begun 
to allow researchers an even more intimate look at elk ecology and behavior.   
 One form of elk management that first originated in 1911 on the National Elk 
Refuge near Jackson, Wyoming, is the use of supplemental winter feeding.  Supplemental 
feeding was initiated in an effort to reduce malnutrition mortalities and to reduce elk 
depredation of agricultural haystacks, both of which were by-products of an increase in 
private, recreational, and agricultural land.  Since that time, other permanent elk feed 
grounds have been operated within the western part of the state, and they are a topic of 
debate due to their recognized potential for disease transmittance.  A large amount of 
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concern has focused particularly on brucellosis, caused by the bacterium (Brucella 
abortus), because the transmission of the disease from elk to cattle can have major 
economic impacts on the cattle industry (Economics Analysis Division, 2004). 
 Brucellosis can cause reproductive failure in ungulates and is endemic to the elk 
and bison of western Wyoming.  Brucellosis can be transferred to other elk or cattle 
through oral contact with infective tissues and fluids associated with abortion or 
parturition events.  In the 1950’s, a nationwide brucellosis eradication program was 
initiated and has nearly eradicated brucellosis from cattle (Ragan 2002).  Infected elk and 
bison may hinder eradication of the disease and have been linked to cattle outbreaks since 
2002 (Smith 2001, Kreeger 2002, Wyoming Brucellosis Coordination Team 2005).  The 
supplemental winter feeding of elk in Wyoming is of great concern due to the increased 
potential for disease transmission at higher densities of elk on feedgrounds (Thorne et al. 
1978). 
 The elk herd that winters in the Buffalo Valley of Wyoming represents a portion 
of the Jackson Elk Herd Unit that utilizes native habitat, despite the option of 
supplemental feed nearby at the National Elk Refuge.  The elk population in the Buffalo 
Valley avoids the high concentrations of elk on feedgrounds and the associated increased 
risk of brucellosis transmission; however these elk will sometimes use private lands in 
the valley. This may increase the risk of disease transmission between elk and livestock.  
Following recommendations by the Wyoming Brucellosis Coordination Team (BCT) the 
Jackson Interagency Habitat Initiative (JHIV), a cooperative effort between the Wyoming 
Game and Fish, Grand Teton National Park, Bridger Teton National Forest, and the 
National Elk Refuge, have been working to improve the native habitat within the Buffalo 
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Valley and other areas to increase elk use of native habitat, reducing the use of private 
lands and supplemental feed and thereby reducing the risks of disease transmittal 
(Brucellosis Coordination Team 2005).  Habitat treatments have primarily come in the 
form of prescribed fire in an effort to induce aspen regeneration and improve watershed 
functionality.  
We used Global Positioning System (GPS) collar technology to track female elk 
wintering in the Buffalo Valley to identify the winter habitat selection of these animals.  
Our goals in this study were to: 1) identify winter habitat selection by elk in the Buffalo 
Valley at two scales with respect to habitat treatments and supplemental feeding; 2) 
identify timing of elk migration, migration routes, and potential contact with domestic 
livestock; 3) examine habitat and snow characteristics for comparison of habitat quality 
between burned and unburned native habitat. 
STUDY AREA 
Fieldwork for this study was conducted in the Buffalo Valley, Teton County, 
Wyoming (43º84´N, 110º45´W), which is part of the Greater Yellowstone Ecosystem 
(GYE).  The GYE covers parts of Wyoming, Idaho, and Montana and is approximately 
16,000 km².  Mammals such as the whitetail deer (Odocoileus virginianus), mule deer (O. 
hemiounus), elk (Cervus elaphus), moose (Alces alces), bighorn sheep (Ovis canadensis), 
wolves (Canis lupus), mountain lions (Felis concolor), grizzly bears (Ursus arctos), 
black bears (Ursus americanus), wolverines (Gulo gulo), and coyotes (C. latrans) all 
occupy the GYE.  The Buffalo Valley portion of the GYE potentially used by elk in this 
study ranges from low to moderately high elevations (2015m-3087m) and includes 
terrain that ranges from nearly flat to mountainous, but is primarily composed of hilly 
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terrain.  The study area was 42,691 ha and encompassed many vegetation communities, 
including sagebrush (Artemisia tridentata) commonly found at lower elevations and on 
south facing slopes, aspen (Populus tremuloides), lodgepole pine (Pinus contorta), 
Douglas fir (Pseudotsuga menziesii), spruce (Picea engelmannii) and subalpine fir (Abies 
lasiocarpa) communities. Willow (Salix spp.) was commonly found in riparian areas, as 
well as sagebrush and cottonwood (Populus spp.)  The study area is a patchwork of 
public and private lands including Grand Teton National Park, Bridger Teton National 
Forest, and the Bureau of Land Management, as well as private holdings.  The free-
ranging segment of the Jackson elk herd unit uses the area that is primarily located east of 
Grand Teton National Park (figure 1). 
 
Study Area
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Figure 1. The Buffalo Valley in northwest Wyoming as the primary study area of winter 
habitat selection by elk during the 2006-2008 winter field seasons. 
 
THESIS ORGANIZATION 
 This thesis consists of three chapters, one of which is intended for submittal to a 
scientific journal.  Chapter 1 is a general introduction to the objectives of my research 
and to my study area, and chapter 3 is a general conclusion that summarizes my research 
and suggestions for future research.   Chapter 2 focuses on my study of elk movements, 
native habitat characteristics, and winter habitat selection by elk in the Buffalo Valley of 
Wyoming. 
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CHAPTER 2: WINTER HABITAT SELECTION BY ELK IN THE BUFFALO 
VALLEY OF WYOMING WITH RESPECT TO HABITAT TREATMENTS AND 
SUPPLEMENTAL FEED 
A paper for submittal to The Journal of Wildlife Management 
F. Drew Henry and W. Sue Fairbanks 
ABSTRACT 
We examined winter habitat selection by elk wintering in the Buffalo Valley of Wyoming 
despite the accessible option of supplemental feed at the National Elk Refuge (~15 km 
away).  Projects have been implemented in the Buffalo Valley to improve native winter 
habitat in an effort to reduce elk dependency on supplemental feed in winter. We 
assessed winter habitat selection by female elk at the study area scale and the home range 
scale with respect to burned and unburned habitat and, in one year, supplemental feed.  
When feeding was present during February-April 2006, elk were more likely to place 
their home ranges nearer to feeding than random and these home ranges included no 
prescribed burn areas that were less than 5 years old.  In the absence of supplemental 
feed, elk placed their home ranges in areas that were closer to roads than random, 
included more riparian habitat, lower snow water equivalents, high solar radiation 
indices, and in one November-January time period, more mid-age burn areas.  Within 
home range selection was highly variable among individual elk and population-level 
interpretation of within home range selection could not be determined.  Five of 11 
(~45%) females wintered at least one winter season (out of 2 or 3) somewhere other than 
the Buffalo Valley.  Elk appeared to have little attraction in winter to recently burned 
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areas in past years. The results of this study, at the larger scale, may be used to evaluate 
potential geographic locations for future habitat treatments to accomplish desired results. 
INTRODUCTION 
A critical aspect of the management of ungulate populations in North America 
and elsewhere is ensuring that features of the habitat that enable them to survive and 
reproduce are available.  This requires an understanding of the habitat features, alone or 
in combination, that affect habitat selection by individuals in different seasons.  
Ungulates are likely driven by food and water acquisition (Weckerly 2005, Fortin et al. 
2005, Beck et al. 2006), thermal factors ((D’Eon and Serrouya 2005), avoidance of 
disturbance factors such as roads (Rowland et al. 2006) or human developments 
(Nicholson et al. 1997) and avoidance of areas with steep slopes (Kie et al. 2005) or 
heavy snowfall (D’Eon and Serrouya 2005).  Avoidance of predation can also be an 
important factor in ungulate habitat selection (Rachlow and Bowyer 1998, Frair 2005). In 
addition, habitat selection at different scales may focus on different habitat features 
(Johnson 1980, Alldredge et al., 2006, Boyce et al. 2003, Kie et al., 2002). 
 Besides influencing population size, habitat management projects may have other 
objectives, such as spatial manipulation of the population and/or control of disease 
transmission.  The supplemental winter feeding of elk in Wyoming is of great concern 
due to the increased potential for disease transmission at higher densities of elk (Thorne 
et al. 1978) and the potential for transmission of brucellosis from elk to cattle, which can 
have major economic impacts on the cattle industry (Wyoming Brucellosis Coordination 
Team, 2005).  The elk herd that winters in the Buffalo Valley of northwestern Wyoming 
represents a portion of the Jackson Elk Herd Unit that continues to utilize native habitat, 
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even with an option of using supplemental feed nearby (~15 km) at the National Elk 
Refuge.  However, depending on the severity of the winter, these elk will utilize the 
private lands located within the confines of the valley, increasing the risk of brucellosis 
transmission due to close contact with livestock.  The Jackson Interagency Habitat 
Initiative (JHIV), a cooperative effort between the Wyoming Game and Fish Department, 
Grand Teton National Park, Bridger Teton National Forest, and the National Elk Refuge, 
have been working to improve native habitat within the Buffalo Valley and other areas to 
increase elk use of native habitat, reducing the use of private lands and supplemental feed 
and thereby reducing the risks of disease transmission within and between species.  
Habitat improvements have primarily come in the form of prescribed fire in an effort to 
induce aspen (Populus tremuloides), regeneration and improve watershed functionality.  
In some instances, emergency supplemental feeding and other techniques, such as hazing, 
have been used in the Buffalo Valley to limit elk contact with local livestock.   
 We used GPS collar technology to track female elk captured in the Buffalo Valley 
to identify winter habitat selection with respect to habitat improvements and 
supplemental feed.  Different habitat characteristics may play a role in selection at 
different scales (Johnson 1980, Alldredge et al., 2006, Boyce et al. 2003, Kie et al., 2002) 
and thus we incorporated different scales of selection into our study.  We assessed winter 
habitat selection at two scales; within the study area and within the home range of 
individual elk.  Emergency feeding events in winter 2006 allowed a comparison of 
seasons when elk were given supplemental feed and when they were not.  In an effort to 
compare field seasons and the habitat and snow characteristics of burned and unburned 
habitats, we established and monitored transects in the Buffalo Valley.  An additional 
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objective of the study was to determine winter home range fidelity of individual elk 
between years.  We also analyzed elk movements to identify timing of elk migrations and 
their potential contact with domestic livestock.  
STUDY AREA 
 Fieldwork for this study was conducted in the Buffalo Valley, Teton County, 
Wyoming (43º84´N, 110º45´W), which is part of the Greater Yellowstone Ecosystem 
(GYE).  The GYE covers parts of Wyoming, Idaho, and Montana and is approximately 
16,000 km².  Mammals such as the whitetail deer (Odocoileus virginianus), mule deer (O. 
hemiounus), elk (Cervus elaphus), moose (Alces alces), bighorn sheep (Ovis canadensis), 
wolves (Canis lupus), mountain lions (Felis concolor), grizzly bears (Ursus arctos), 
black bears (Ursus americanus), wolverines (Gulo gulo), and coyotes (C. latrans) all 
occupy the GYE.  The Buffalo Valley portion of the GYE potentially used by elk in this 
study ranges from low to moderately high elevations (2015m-3087m) and includes 
terrain that ranges from nearly flat to mountainous.  The study area is 42,691 ha and 
encompasses many vegetative communities which include sagebrush (Artemisia 
tridentata) commonly found at lower elevations and on south facing slopes, aspen, 
lodgepole pine (Pinus contorta), Douglas fir (Pseudotsuga menziesii), spruce (Picea 
engelmannii) and subalpine fir (Abies lasiocarpa) communities.  Willow (Salix spp.) was 
commonly found in riparian areas, as well as sagebrush and cottonwood (Populus spp.)  
The study area is made up of public and private lands including Grand Teton National 
Park, Bridger Teton National Forest, and the Bureau of Land Management, as well as 
private holdings.  The free-ranging segment of the Jackson elk herd unit used the area 
immediately north and south of US Hwy 26 as winter range (Figure 1).  Emergency 
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supplemental feeding of elk in the Buffalo Valley, was conducted in 2006 on private land 
near the central portion of the study area during the months of February through April.  
 
Figure 1. The Buffalo Valley, in northwest Wyoming, as the primary study area of winter 
habitat selection by elk during the 2006-2008 winter field seasons. 
METHODS 
Capture and Tracking of Female Elk 
 In February 2006, we captured 35 female elk in the Buffalo Valley from a 
helicopter using a net gun (Leading Edge Aviation, Clarkston, WA, USA), without 
chemical immobilization assisted by a licensed veterinarian.  Fifteen elk were fitted with 
Global Positioning System (GPS) collars (Telonics Inc., Mesa, AZ) that contained 
Study Area
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mortality sensors and automatic release mechanisms and 14 elk were fitted with Very 
High Frequency (VHF) collars (Advanced Telemetry Systems, Isanti, MN). We captured 
an additional 29 female elk and fitted them with radio collars (26 VHF; 3 GPS 
redeployments) in January 2007.  This study focuses on data collected from the 18 female 
elk with GPS collars.  Captured elk were considered a representative sample of the 
female elk population wintering in the Buffalo Valley at that time. Captures were 
performed in accordance with the approved Iowa State University Animal Care and Use 
Protocol # 8-05-5962.  
 We monitored collared animals twice per week, February-June 2006 and January-
June 2007.  GPS collars were programmed to take positional readings every 2 hours 
November-June and every 5 hours July-October during all years of operation, February 
2006 to March 2008.  In addition, we monitored collared animals daily for a mortality 
signal. We attempted to retrieve all collars from elk mortalities and establish the cause of 
death whenever possible. 
Habitat Assessment 
 We used a GIS to randomly place point locations of transects, 23 transects in 
2006 and 25 transects in 2007, in burned and unburned areas in the Buffalo Valley Study 
Area.  In 2006, 16 of 23 transects and in 2007, 18 of 25 transects were placed in habitat 
treatment areas ranging from 1-15 years old.  Each transect was laid out 50 m in a 
random direction from the point.  We attempted to visit transects bi-weekly to measure 
habitat and snow characteristics in burned and unburned native habitat. 
We classified snow cover into 1 of 6 categories; complete, incomplete, sparse, 
even, some drifting or heavy drifting.  We rated snow structure on a scale of 0-9, defining 
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the age, texture, and water content of the snow;  ratings were as follows: 0 = fresh snow, 
like dust; 1 = fresh snow, fluffy; 2 = fresh snow, sticky; 3 = old snow, crumbly; 4 = old 
snow, dense; 5 = old snow, wet; 6 = snow crust, unconnected with snow below; 7 = dense 
snow with snow crust on surface; 8 = damp snow with snow crust on surface and 9 = 
snow with water (A. Barbknecht, personal communication).  We took quantitative 
measurements of snow depth, snow water equivalent (SWE), snow strength, snow density 
and snow crusting at 10 points spaced every 5 m along each 50m transect.  We measured 
depth by inserting a snow tube into the snow and taking a measurement from the outside 
of the tube.  We calculated SWE as the difference between the weight of the snow tube 
with and without the snow and calculated density of the snow by dividing the SWE by 
snow depth.  We used a fishing scale (kg) hooked to a long wooden dowel inserted in a 
plastic bottle to measure snow strength by reading the amount of sinking achieved below 
the surface at pressures of 2.5, 5, 7.5, 10, 12.5, and 15 pound of pressure per square inch 
(PSI).  The thickness of the surface crust, the number of crusting layers, and the amount 
of pressure required to break the crusting layers was measured using the same instrument.   
 We used a spherical densiometer to measure mean canopy cover at five random 
points along each transect.  When exposed vegetation was present, percent forb cover and 
percent grass cover were visually estimated within a 0.5x1.0 m quadrat placed at 4 
random points on each transect.  We measured shrub density using a line intercept 
method.  When present, we clipped samples from 5 major forage species (aspen, willow, 
serviceberry, chokecherry, and bitterbrush) for nutritional content analysis.  Ten to 
twenty sub-samples from individual plants of the same species were taken by choosing a 
random direction and walking until finding the nearest individual of the species being 
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sampled; this was repeated until all sub-samples had been collected.  If a species was not 
present within 100m, this species was omitted from analysis.  We sent plant samples, 
which were dried to constant weight and ground, to the University of Nebraska for 
analysis of Kjeldahl crude protein, gross energy (bomb calorimeter) cal/gm, neutral 
detergent fiber (NDF), and acid detergent fiber (ADF).  In an effort to limit the habitat 
disturbance at transect locations due to clipping for vegetation samples, transects were 
relocated between field seasons.  Habitat and vegetation characteristics were compared 
between years of the study, as well as between their locations within a burned or 
unburned area. 
GPS Data Collection 
We retrieved five GPS collars early due to mortalities.  In March 2008, 11 GPS 
collars that remained on elk in the field dropped to the ground via a pre-programmed 
automatic release mechanism.  After collecting the collars, we downloaded the GPS data 
from all retrieved collars using the Telonics Data Download Utility (v1.31) and reviewed 
and edited it in ArcGIS for unusable locations created during collar initialization before 
their deployment and aberrant locations after their deployment.  All locations with a 
positional dilution of precision (PDOP) greater than 10 were omitted from analyses to 
increase location accuracy and decrease outliers (D’Eon and Delparte 2005).  
Data Analysis 
 Elk movements, inter-annual home range fidelity, habitat selection and habitat 
characteristics were analyzed using a combination of programs including ESRI® 
ArcMap™9.2, ESRI® ArcView™9.0, Excel®2007, and R: a language and environment 
for statistical computing (Core Team, 2008).   We stratified locations of individual elk 
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into four different time frames for which we had different numbers of elk: late 
winter/spring (February-April) 2006(n=12), late winter/spring (February-April) 
2007(n=10), fall/winter (November-January) 2006-2007(n=7), and fall/winter 
(November-January) 2007-2008(n=10). These periods were based on the timing of 
supplemental feeding (February-April 2006 only) within the Buffalo Valley and the 
timing of elk migration into and out of the Buffalo Valley.  
 We analyzed elk movements and yearly home range fidelity in ArcMap using the 
Tracking Analyst extension.  Based on when collars were deployed, we had elk locations 
for up to three winters, so we assessed home range fidelity of any individual for whom 
we had data for at least two winter seasons.  We considered infidelity as any individual 
that wintered somewhere other than our study area for at least one winter season.  
 To avoid concerns about the independence of sampling points (Swihart and Slade 
1997, Otis and White 1999), we chose methods of analyzing habitat selection so that 
individual elk were considered as the sampling unit, rather than using individual locations 
as the sampling unit (Aebischer et al. 1993). This strategy also allowed taking advantage 
of the high location rate often acquired by GPS collars and it allowed us to analyze the 
entire space used by an elk, instead of analyzing only the single locations (Marzluff et al. 
2004). 
Study Area Scale Analysis 
We analyzed winter habitat selection at the home range scale (2nd order, Johnson 
1980) by comparing landscape pattern indices of actual elk home ranges to a similar or 
greater number of circular polygons randomly placed within the study area (D’Eon and 
Serrouya 2005).  We estimated elk home ranges using an adaptive, local nearest-neighbor 
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convex hull method (a-LoCoH) (Getz et al. 2007).  This analysis was derived from online 
materials provided at http://locoh.cnr.berkeley.edu, and was computed in R® in 
combination with ArcGIS.  A-LoCoH is employed by choosing a specific radius or “a” 
value, which is based on the amount and spread of each animal’s location data.  Isopleths 
are then constructed from all points within that radius so that the distance from all points 
to a reference point sum to a value less than or equal to the chosen radius value.  We used 
this method because it creates isopleths based on the actual data points, it does a good job 
of identifying hard boundaries such as cliffs and rivers, it identifies areas of known non-
use, and it identifies a true distribution (Figure 2)(Getz et al 2007).  We calculated the 
average elk home range sizes from the 100% a-LoCoH isopleths. We used ArcMap to 
generate random point locations within our study area, around which we buffered an area 
equal to the average home range size of the elk during that time frame.  To ensure that the 
availability of habitat features in the landscape was well defined, we generated twice the 
number of random home ranges as elk home ranges for the time frames of late 
winter/spring 2006 (n=24 random home ranges) and late winter/spring 2007 (n=20 
random home ranges), and we generated a similar number of random home ranges as 
actual home ranges (Potvin et al 2001) for both of our fall/winter time frames, because 
home ranges were much larger at this time.  
Figure 2. The 100% isopleth 
during fall/winter November-
circle indicates a gravel pit, both
We used tools in ArcMap to calculate l
home ranges and random home range polygons.  We calculated mean slope, mean aspect,
and mean solar radiation using a 1
SWE for home ranges using a GIS layer of SWE that accounted for the snow shadow 
effect of the Teton Mountains and was parameterized using SWE data from our transects 
and Sno-Tel sites in the Buffalo Valley (SWE map 
Natural Resource Ecology Lab, Colorado State University)
calculated the percentage of aspen and
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of a female elk home range in the Buffalo Valley, WY, 
January 2007-08; the red circle indicate a lake and the black 
 areas are known to be rarely used. 
andscape pattern indices for actual
0m digital elevation model.  We calculated the
constructed by M. Coughenour, 
 (Hobbs et al.2003
 riparian land cover in home ranges and random 
 
 elk 
 
 mean 
). We 
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polygons.  There was no single land cover map available that encompassed our entire 
study area, so we merged land cover maps of the Bridger Teton National Forest and 
Grand Teton National Park to create one whole map. GIS layers indicating the age and 
size of prescribed fires in our study area were used to quantify amount of old (1990-
1997), mid-age (2002), and recent burns (within 2 years of field season) in the random 
and elk home ranges.  We calculated the centroid of the elk core ranges (50% isopleths) 
and the centroid of each random polygon using the Shapes to Centroids feature in Xtools 
Pro to determine the distance to nearest road or snowmobile trail (source of human 
disturbance).  When more than one core was created for one animal, an average distance 
based on the centers of each core area was calculated.  In 2006, we calculated the mean 
distance to the nearest supplemental feeding site (when present).  We examined a 
correlation matrix and eliminated one of any pair of predictor variables, contained within 
the same model, that had a collinearity higher than 0.6.  
 We assessed resource selection using a logistic regression model from the Design 
package in R® (Harrell 2008).  We created an a priori model set (18 models when 
feeding was present) constructed from hypotheses to explain elk habitat selection and 
evaluated multivariate relationships, using Akaike’s information criterion corrected for 
small sample size (AICc) as a basis for model selection (Table 1)(Burnham and Anderson 
2002). These hypotheses contained a combination of habitat, physical and disturbance 
characteristics based on previous literature, study objectives, and characteristics specific 
to the study area. 
Table 1. Hypotheses and their corresponding models for selection at the study area scale; 
distance to feed was only used in analysis of February-April 2006 elk. ASPEN= the 
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percentage of aspen in actual and random home ranges, RIPAR= the percentage of 
riparian habitat, SRMEAN= the mean solar radiation index, ROADDIS= the distance to 
the nearest road from the center of actual and random home ranges, RECENT= the 
percentage of recently burned area, OLD=  the percentage of old burn, MIDAGE= the 
percentage of mid-age burned area, ASMEAN= the mean aspect value, SLMEAN= the 
mean slope, SWEMEAN= the mean snow water equivalent, and FEEDDIS= the average 
distance to supplemental feeding (when present) from the center of actual and random 
home ranges. 
HYPOTHESIS # Model 
Habitat, Physical, Disturbance, Burn-age 1 ASPEN+SRMEAN+ROADDIS+RECENT 
Habitat, Physical, Disturbance, Burn-age 2 RIPAR+SRMEAN+ROADDIS+RECENT 
Physical, Disturbance, Burn-age1 3 ASMEAN+ROADDIS+RECENT 
Physical, Disturbance, Burn-age2 4 ASMEAN+ROADDIS+OLD 
Physical, Disturbance 5 SWEMEAN+ROADDIS 
Habitat, Physical 6 ASPEN+SWEMEAN 
Habitat, Physical 7 RIPAR+SWEMEAN  
Physical1 8 SWEMEAN+ASMEAN 
Physical2 9 SWEMEAN+SRMEAN 
Physical3 10 SWEMEAN 
Physical4 11 SRMEAN 
Physical5 12 SLMEAN 
Disturbance1 13 ROADDIS 
Disturbance2 14 FEEDDIS 
Habitat 15 ASPEN+RIPAR 
Burn-age1 16 RECENT 
Burn-age2 17 MIDAGE 
Burn-age3 18 OLD 
 
Home Range Scale Analysis 
 We analyzed winter habitat selection at the within-home-range scale by 
developing a probability density function (Silverman 1986), or utilization distribution 
(UD) (Van Winkle, 1975). A UD estimate calculates the probability of an individual elk 
occurring at locations within its home range based on relocations gathered by the GPS 
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collar (White and Garrot 1990).  We then estimated a Resource Utilization Function 
(RUF) relating the space used by the elk to the resource attributes that were available to 
them within their home range (Marzluff et al. 2004). 
We estimated the UD by using the fixed kernel density estimator (Kernohan et al. 
2001) in the Hawth’s Tools extension (Beyer 2004) to ArcMap, specifying a bivariate 
normal kernel and 30m pixels, to create kernel home ranges for individual elk in each 
time frame.  We had a large amount of GPS locations available and were confident in our 
ability to properly estimate a kernel home range (Seamen et al. 1999).  We used the 
Animal Movements extension in ArcView 3.1 to estimate the least squares cross-
validation smoothing parameter (Worton 1989, Kernohan et al. 2001, Gitzen et al. 2006).  
We defined the extent of space use and availability at the 99% fixed kernel home range 
boundary.  In ArcMap, we related the resource attributes found at the center of each pixel 
to the calculated probability of space use (height of the UD) at each pixel within the 99% 
home range boundaries (Marzluff et al. 2004).  We measured 9 resource attributes (cover 
type, age of burn, SWE, slope, aspect, solar radiation, distance to roads, distance to 
snowmobile trails, and distance to supplemental feed, if present) with respect to habitat 
selection within the home range.  Cover types were identified from the merged cover 
map, and included aspen, riparian, lodgepole pine, subalpine fir, shrub land, and an other 
category.  We examined Pearson correlation matrices in R® and eliminated one of any 
pair of predictor variables that had a collinearity higher than 0.6. 
We related the resources that were calculated at each pixel to the calculated height 
of the UD with a multiple regression analysis (Marzluff et al. 2004, Millspaugh et al. 
2006).  Resources were related to UD height based on a priori models.  A priori models 
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were constructed from hypotheses to explain elk habitat selection within the home range.  
These hypotheses contained a combination of habitat, physical and disturbance 
characteristics which we could accurately measure in the field and within a GIS.  We 
subset the pixel data at 10 %, 5%, or 3% depending upon home range size, and re-
sampled 10 times, in order to accommodate computing capabilities and analysis time 
constraints.  An analysis of one elk using a 4 model set, depending on the size of the 
home range, could run between 1 and 7 days on a computer with 1.82 GHz and 2 GB of 
RAM.  This analysis was performed in R®, using the RUF.fit package from the RUF 
library (Marzluff et al. 2004).  The spatial autocorrelation that is induced by using 
adjacent grid cells was accounted for in the package with a Matern correlation function 
(Handcock and Stein 1993). We used AIC to test for model support for each elk based on 
our hypothesis-based model sets (Burnham and Anderson 2002).  A five model set was 
used to analyze selection by elk during the late winter/spring time frame, when feeding 
was present (Table 2), and a 4 model set was used for elk in the remaining 3 time frames 
(Table 3).   
 
Table 2. The 5 a priori models used to analyze habitat selection within the home range 
during late winter/spring February-April 2006, when supplemental feeding was present. 
SWE= snow water equivalent, vegClass= vegetation class (subalpine, aspen, riparian, 
shrub, lodgepole pine, or other), Solar= solar radiation index, roaddis= distance to the 
nearest road, aspectclass= aspect of northerly, southerly, easterly or westerly, fireClass= 
fire class (old, midage, recent, or no burn) and feeddis= the distance to supplemental 
feed. 
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HYPOTHESIS  # Model  
Food, Disturbance, Physical 1 1 USE~vegClass+SWE+Solar+roaddis+fireClass 
Food, Disturbance, Physical 2 2 USE~SWE+roaddis+fireClass+feeddis 
Food, Disturbance, Physical 3 3 USE~aspectClass+roaddis+fireClass+feeddis 
Food, Disturbance, Physical 4 4 USE~vegClass+SWE+fireClass 
Disturbance, Physical 5 USE~roaddis+SWE 
 
Table 3. The 4 a priori models used to analyze habitat selection within the home range 
during the time frames February-April 2007, November-January 2006-07 and November-
January 2007-08. See Table 1 for abbreviations. 
HYPOTHESIS  # Model  
Food, Disturbance, Physical 1 1 USE~vegClass+SWE+Solar+roaddis+fireClass 
Disturbance, Physical  2 USE~roaddis+SWE 
Food, Disturbance 3 USE~vegClass+fireClass+roaddis 
Food, Disturbance, Physical 2 4 USE~vegclass+SWE+fireClass 
 
RESULTS 
 GPS collars were retrieved after their drop date in March 2008.  One elk died after 
wearing the collar to short a period of time to analyze.  Two GPS collars could not be 
retrieved as planned; one could not be relocated, and one failed to release from the elk.  
Analyses were conducted on data from 15 GPS collars, representing data on 15 female 
elk.  GPS collars had a mean fix success rate of 96.51% (73.66% success rate of attaining 
a 3-dimesional fix and 22.85% success rate of attaining a 2-dimesional fix). 
Elk Home Ranges 
 Collared elk departed the study area later in 2006 (median date=5/31/06, n=13), 
than in 2007 (median date= 5/27/07, n=9) and elk arrived later in the study area in 2006 
(median date=10/15/2006, n=7) than in 2007 (median date=10/10/2007, n=9).
GPS collars used for analysis, 11 contained data that spanned at least two winter seasons 
for individual elk.  Five of the 11 elk
other than the Buffalo Valley
were originally captured.  Three of these elk wintered at the nearby National Elk Refuge 
(~15 km from Buffalo Valley
area near Dubois, WY (~70 km
 
Figure 3. One female elk (yellow) 
and in the Buffalo Valley (BV)
the BV in 2006-2007 and in the National Elk Refuge (NER) in 2007
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 (45%) wintered at least one season in a location 
, showing limited fidelity to the home range where they 
), where they were supplementally fed, and 2 wintered in an 
 from Buffalo Valley) (Figure 3).  
that wintered in the Dubois Area (DA) in 2006
 in 2007-2008 and one female elk (red) that wintered in 
-2008.  
  Of the 
 
-2007 
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Mean elk home range sizes during late winter/spring 2006, when supplemental 
feeding was present, were smaller than home ranges during late winter/spring 2007, when 
supplemental feeding was not present (t= 4.12 p= 0.0014).  Mean home range sizes were 
similar during the fall/winter time frames of 2006-07 and 2007-08 (t=0.9 p=0.38) (Figure 
4).  
 
Figure 4. The maximum, minimum and average sizes (ha) of elk 100% a-LoCoH home 
range isopleths in the Buffalo Valley, WY, during late winter/spring February-April 2006 
(FA06) and February-April 2007 (FA07) and fall/winter November-January 2006-07 
(NJ0607) and November-January 2007-08 (NJ0708).  
 
Elk showed high mobility in Buffalo Valley suggesting that the entire study area 
could be considered available habitat.  Domestic livestock were found primarily in the 
central portion of the study area in winter, near the highway that bisects the Buffalo 
Valley.  Elk movements and home range sizes indicate that the potential for spatial 
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contact with domestic livestock existed for all collared elk during all time frames of 
analysis.  
 Elk that showed limited fidelity to the Buffalo Valley and migrated to the 
southeast toward Dubois chose similar departure and return routes.  These elk returned to 
the Buffalo Valley by following the Dunoir Creek drainage northwest to the Cub Creek 
Drainage and finally connected with the South Buffalo Fork before their arrival.  Elk that 
migrated southwest from the Buffalo Valley to the National Elk Refuge primarily 
followed Highway 26 and the Snake River drainage. 
 Elk and random home ranges incorporated different amounts of burned areas in 
different time frames.  During late winter/spring 2006, when feeding was present, elk 
home ranges and random home ranges included similar proportions of old burned areas 
(t=2.03, p=0.57), but actual elk home ranges contained no mid-age burns or recent burns 
(Figure 5).  Elk home ranges incorporated a greater amount of recent and mid-age burns 
in all time frames when feeding was not present, with the greatest amount being 
incorporated during fall/winter 2006-07 (Figure 6).  However, the differences in % of 
burned areas between elk and random home ranges were not statistically significant (p> 
0.05) in any time period.  
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Figure 5. The percentage of old (6+ years old), mid-age (3-5 years old), and recent fires 
(1-2 years old) incorporated in elk and random home range polygons during late 
winter/spring February-April 2006 in the Buffalo Valley, WY. 
 
Figure 6. The percentage of old (6+ years old), mid-age (3-5 years old), and recent 
fires(1-2 years old) incorporated in elk and random home range polygons during 
fall/winter November-January 2006-07 in the Buffalo Valley, WY. 
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Habitat and Snow Characteristics 
 In 2006, vegetation samples were clipped from transects located on a 1996 burn 
(n=6 samples), a 1997 burn (n=58 samples), a 2002 burn (n=30 samples), a 2005 burn 
(n=11 samples), and transects located in unburned areas (n=38 samples) and were 
analyzed for nutritional content.  The protein, acid detergent fiber (ADF), and total 
digestible nutrient (TDN) content of aspen, willow, and chokecherry did not differ across 
all years of burn treatment and unburned area.  Due to vegetation availability at randomly 
placed transects, aspen was the only vegetative sample from the 2005 burn.  
 In 2007, vegetation samples were clipped from transects located on a 1985 burn 
(n=6 samples), a 1991 burn (n=26 samples), a 1997 burn (n=16 samples), a 2002 burn 
(n=14 samples), and transects located in unburned areas (n=31 samples) and were 
analyzed for nutritional content.  The protein, ADF, and TDN of the aspen and willow 
did not differ among burn categories. Chokecherry protein was higher in burned areas 
than in unburned areas (t=5.03 p=0.003), but ADF and TDN were similar amongst all 
chokecherry treatments. (Appendix 1-2). 
 The SWE, snow densities, and depth of snow were significantly higher in 2006 
than in 2007 from late February through early April (Figure 7 and Appendix Figures 3 
and 4). The snow strength tests achieved a greater proportion of sinking depth in 2007 
than in 2006 (Figure 8).  
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Figure 7. The mean SWE measured across all transect locations during each survey date 
in 2006 and 2007 in the Buffalo Valley, WY.  Comparisons between 2006 and 2007 
marked with an asterisk (*) were significantly different at p<0.0001). 
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Figure 8. A representative test of snow integrity and strength using a plastic bottle with a 
25 cm circumference to more accurately mimic the effect of an elk hoof; the mean 
proportion of depth achieved for each PSI (pounds per square inch) treatment across all 
transects during each survey date in (A) 2006 and (B) 2007 in the Buffalo Valley, WY. 
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Study Area Scale Habitat Selection 
At the study area scale elk were selective during all time frames of analysis.  The 
most supported hypothesis for elk selection during late winter/spring 2006 consisted of 
habitat, physical, disturbance and burn characteristics.  Two top models originally 
included the percentage of aspen or riparian habitat, solar radiation, distance to road, and 
also the percentage of recent burn incorporated into elk home ranges.  However, the lack 
of recently burned area in actual elk home ranges created complete separation in our data 
sets giving spurious results, so we ran the same models without the recent burn variable 
(Table 4).  The coefficient direction, whether negative or positive, indicates the change in 
likelihood of an area being an actual elk home range, as the parameter increases.  For 
example, the negative coefficient of aspen indicates that as the percentage of aspen 
increases, that area is less likely to be an actual elk home range.  The next best model, 
with ∆AIC=2.56, replaced aspen with riparian habitats, with riparian yielding a positive 
coefficient.  Two other single parameter models, solar radiation and distance to feeding, 
were within 3.34 and 4.46 AIC points and were considered to have explanatory value 
(Table 4).  The presence of feeding during this time frame had a clear influence on the 
location and size of elk home ranges.  We feel confident that the significant negative 
coefficient of feeding distance is biologically relevant, and may also be influential on 
directions of the coefficients in the top two models.   
The most supported hypothesis for elk selection during late winter/spring 2007, 
when supplemental feeding did not occur, included solar radiation, with two other models 
being competitive and considered biologically meaningful (Table 5).  Solar radiation 
appears in all three models with positive coefficient values.  When effects of distance to 
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road, burn, and percent riparian habitat were controlled in the competitive model, elk 
home ranges were more likely to have high solar radiation values.  Elk appeared to select 
for riparian areas and were more likely to establish home ranges farther from roads, 
closer to recently burned areas (although this coefficient was not significant), and in areas 
with lower SWE.   
The most supported hypothesis for elk selection during fall/winter 2006-07 
included the positive effect of the percentage of mid-age burns with no other models 
considered to be competitive (Table 6).  The most supported hypothesis for elk selection 
during fall/winter 2007-08 included a negative effect of distance to road (elk home ranges 
were more likely to be near the road than random) (Table 6).  The two competitive 
models suggest that elk selected for areas that included riparian habitat and that had lower 
SWE and had less aspen habitat, although the latter two parameters were not statistically 
significant.   
Table 4. The competitive selection models for female elk at the study area scale, 
corrected for small sample size, during late winter/spring February-April 2006, their 
∆AICc values, Nagelkerke R² values, beta coefficients, and corresponding p-values 
Model  # 1 2 10 14 
∆AICc 0 0.73 4.11 5.22 
R² 0.84 0.83 0.68 0.66 
 β P β P β P β P 
Aspen -0.362 0.18       
Solar Radiation 0.0001 0.14 0.0001 0.22 0.00005 0.21   
Road Distance -0.0021 0.20 -0.0014 0.31     
Riparian   0.15 0.16     
Feed Distance       -0.0009 0.007 
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Table 5. The competitive selection models for female elk at the study area scale, 
corrected for small sample size, during late winter/spring February-April 2007, their 
∆AICc values, Nagelkerke R² values, beta coefficients, and corresponding p-values 
Model # 11 2 9 
∆AICc 0 1.18 1.52 
R^2 0.65 0.79 0.66 
 β P β P β P 
Solar Radiation 0.00008 0.11 0.00002 .00002 0.00008 0.13 
Road Distance   0.0002 0.0004   
Recent Burn   0.0303 0.219   
Riparian   0.5446 0.06   
SWE     -0.7302 0.49 
 
Table 6. The competitive selection models for female elk at the study area scale, 
corrected for small sample size, during fall/winter November-January 06-07 (NJ0607) 
and November-January 2007-08 (NJ0708); their ∆AICc values, beta coefficients, and 
corresponding p-values 
NJ0607  
Model # 17 
∆AICc 0 
R² 0.76 
 β P 
Mid-age Burn 1.69 0.08 
 
   
NJ0708    
Model # 13 7 15 
∆AICc 0 0.81 1.93 
R² 0.43 0.52 0.47 
 β P β P β P 
Road Distance -0.001 0.05     
Riparian   0.367 0.019 0.334 0.02 
Aspen     -0.0026 0.98 
SWE   -3.995 0.32   
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Home Range Scale Habitat Selection 
 Elk showed selective use of space within their home ranges during all time frames 
of analysis.  Only one model was identified by AIC as the best model (no competitive 
models) for each elk during each time frame.  Issues with model convergence limited our 
model set, with the most affected time frame being late winter/spring 2006, when 
supplemental feeding was present.  In this time frame only 4 elk had at least 1 model 
converge; 8 elk in this time frame had no models converge. Therefore, little information 
concerning within home range selection can be gained from in this time frame. During 
the 3 time frames when supplemental feeding was not present, at least one model 
converged for each elk 90%-100% of the time (Table 7).  However, model 4 was the least 
likely of all models to converge (Table 8).  
Table 7.  The number of elk for which each model was the best model of selection within 
their home range during each time frame of analysis. Total = the proportion of elk during 
late winter/spring February-April 2006 (FA06) and February-April 2007(FA07) and 
fall/winter November-January 2006-07 (NJ0607) and November-January 2007-08 
(NJ0708), for which at least one model converged 
 Model 1 Model 2 Model3 Model 4 Model 5 Total 
FA06 0 1 1 1 1 4/12 
FA07 4 3 1 1  9/10 
NJ0607 3 1 2 1  7/7 
NJ0708 4 3 3 0  10/10 
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Table 8. The percentage of time that each model converged in the analysis of habitat 
selection at the home range scale during late winter/spring February-April 2006 (FA06) 
and February-April 2007(FA07) and fall/winter November-January 2006-07 (NJ0607) 
and November-January 2007-08 (NJ0708) in the Buffalo Valley, WY. 
 
FA06 FA07 NJ0607 NJ0708 
Model 1 16.67 90.00 85.71 90.00 
Model 2 33.33 70.00 100.00 90.00 
Model 3 25.00 80.00 85.71 90.00 
Model 4 25.00 70.00 57.14 80.00 
Model 5 33.33 
   
 
 The best supported model, in the absence of feeding, was model 1(Table 7).  
Models 2 and 3 were also moderately supported, but because Model 1 contained the 
parameters that were included in these models, selection was evaluated using Model 1. 
We used the parameters contained in this best supported model (vegClass, SWE, SR, 
ROADDIS, and fireClass) to examine the average coefficients (positive or negative) of 
parameters for model 1 for each elk in each time frame (Tables 9, 10, and 11).  Not all 
burn age parameters could be averaged due to high variability in their occurrence within 
individual female elk home ranges. Individual females showed strong selection for 
certain features within their home ranges; however a large amount of variability in this 
selection among females precluded conclusions at the population level. Distance to road 
during fall/winter of 2007-08 was the only average coefficient among converged model 
1’s that differed significantly from zero for females during any of the three time frames 
when feeding was not present (Table 11). 
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Table 9. Model 1 coefficient values and averages and their 95% confidence intervals for 
female elk during late winter/spring of February 2007 in the Buffalo Valley of Wyoming.  
 
SWE Solar Radiation 
Road 
Distance Old Fire Shrub Lodgepole Riparian Subalpine Other 
Elk 1 -2.88 -1.74 -5.82 -1.08 1.53 4.41 5.89 -2.67 2.89 
Elk 2 -0.16 3.12 24.99 19.65 -11.50 -10.03 7.26 -3.36 7.12 
Elk 3 87.25 4.98 -103.83 -2.47 -11.90 12.52 -47.99 5.07 -40.53 
Elk 4 -15.88 -11.54 15.02 18.78 26.99 -0.59 16.33 -1.92 15.01 
Elk 5 0.03 -5.81 11.81 -3.45 7.41 0.73 -0.36 1.46 0.62 
Elk 6 18.01 38.09 -40.43 22.75 -23.10 -15.52 -2.71 -10.10 -23.77 
Elk 7 -3.62 1.66 14.71 -4.21 -11.74 -2.30 8.38 20.47 1.43 
Elk 8 27.51 16.28 -64.17 -7.30 -41.80 -31.94 -51.78 -17.26 -55.87 
Elk 9 -7.07 -1.32 12.64 3.52 2.41 -9.16 0.04 2.69 -1.17 
Avg. 
Coeff. 11.47 4.86 -15.01 5.13 -6.86 -5.76 -7.21 -0.62 -10.47 
CI (-12.59,35.52) (-6.39,16.10) (-49.28,19.27) (-3.97,14.24) (-21.89,8.18) (-15.67,4.14) (-26.33,11.90) (-8.65,7.40) (-28.97,8.02) 
 
Table 10. Model 1 coefficient values and averages and their 95% confidence intervals for 
female elk during fall/winter of November-January 2006-07 in the Buffalo Valley of 
Wyoming.  
 
Road Distance Solar Radiation SWE Riparian Lodgepole Other Shrub Subalpine 
Elk 1 -5.31 -3.90 7.91 -10.64 14.87 -22.32 -12.91 -2.78 
Elk 2 0.87 -0.69 7.27 22.02 -13.70 -14.66 1.89 6.25 
Elk 3 -18.01 2.74 11.42 -13.79 -5.36 -2.99 3.53 1.07 
Elk 4 -38.61 13.43 -16.06 11.67 -1.22 -8.67 -7.86 -10.94 
Elk 5 18.53 9.36 -4.74 -6.77 -3.69 -20.11 -11.90 -15.78 
Elk 6 -65.19 38.55 -77.93 -11.74 -9.53 19.35 -4.23 -7.21 
Avg. 
Coeff. -17.95 9.91 -12.02 -1.54 -3.10 -8.23 -5.25 -4.90 
CI (-49.45,13.55) (-6.26,26.09) (-47.56,23.52) (-17.07,13.98) (-13.45,7.24) (-24.28,7.82) (-12.5,2.01) (-13.35,3.56) 
 
36 
 
Table 11. Model 1 coefficient averages and their 95% confidence intervals for female elk 
during fall/winter of November-January 2007-08 in the Buffalo Valley of Wyoming. 
 
SWE Solar Radiation 
Road 
Distance Riparian Shrubland Lodgepole Other Subalpine 
Elk 1 -10.04 25.28 -49.64 -54.91 -2.09 -1.05 5.17 -1.10 
Elk 2 3.86 -14.77 -6.27 19.59 -95.41 -38.05 -94.76 -38.18 
Elk 3 8.80 9.43 -23.93 -13.22 9.89 -4.36 25.35 4.99 
Elk 4 8.22 18.61 -21.10 -20.95 1.36 1.46 5.73 3.24 
Elk 5 8.14 5.95 -6.35 -2.02 1.62 -19.05 17.35 -19.57 
Elk 6 42.60 -9.95 -18.07 26.85 3.00 24.18 -13.87 7.87 
Elk 7 5.64 0.61 -3.04 4.10 -15.43 -15.34 -4.00 -17.12 
Elk 8 -43.92 -49.32 13.20 33.27 -2.43 -16.52 10.82 0.85 
Elk 9 0.86 7.63 -37.97 5.33 -27.61 -11.65 -24.06 3.74 
Avg. 
Coeff. 2.68 -0.73 -17.02 -0.22 -14.12 -8.93 -8.03 -6.14 
CI (-14.59,19.95) (-17.73,16.27) (-31.67,-2.37)* (-21.07,20.64) (-39.08,10.83) (-22.09,4.23) (-35.62,19.56) (-18.01,5.73) 
*P<0.05 
 
DISCUSSION 
 Elk in the Buffalo Valley selected for a combination of vegetative, physical and 
disturbance characteristics during all time frames studied.  However, selection differed 
depending on the presence of supplemental feed and the scale of analysis.  At the home 
range scale, the high variability among females in habitat selection, the lack of 
consistency in model support and the low proportion of models that successfully 
converged resulted in little information about selection. In late winter/spring 2006 
selection at both scales was likely affected strongly by the presence of feed.   
During supplemental feeding of elk in late winter/spring 2006, female home 
ranges were significantly smaller than in the following year without supplemental 
feeding, and the placement of home ranges was strongly affected by location of 
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supplemental feed.  In winter 2007, without supplemental feeding, solar radiation and 
distance to roads had significant, but small, effects on selection by female elk , with elk 
home ranges in areas with a higher solar radiation index and farther from roads than 
would be expected with random placement of home ranges.  The greater inclusion of 
recent burns and riparian habitat in winter home ranges without supplemental feeding 
than with feeding may be a result of selection for these features, but might also be 
partially explained by the larger home range size of elk that were not being fed.   
Supplemental feeding can effect ungulate habitat selection and behavior in many 
ways.  Parturition-related movements of female elk appear to be altered by the presence 
of supplemental feed (Barbknecht 2008).  Supplemental feeding can alter natural foraging 
processes in white-tailed deer (Schmitz 1990), can create a dependency or habituation to 
supplemental feed (Orams 2002) and can cause a decrease in home range and core area 
size in other vertebrates (Eifler 1996, Desy et al. 1990, Boutin 1990).  In the Buffalo 
Valley, supplemental feeding was initiated in an emergency effort, prompted by severe 
winter conditions, to reduce elk spatial contact with local livestock, thereby reducing the 
risk of brucellosis transmission to domestic animals and reducing damage to private 
haystacks.  The presence of supplemental feeding overrode what may be considered 
normal habitat selection, decision-making processes of elk, and eliminated any effect that 
habitat improvements may have on elk habitat selection.   
Without the influence of supplemental feed, elk appeared to make choices based 
more on the naturally available characteristics of the landscape, including physical, 
disturbance and habitat characteristics, but these choices differed between scales of 
analysis.  Riparian areas were important in distinguishing elk home ranges from random 
38 
 
home ranges on the landscape.  The appearance of riparian habitat as an important 
parameter at the study area scale, in both late winter/spring and fall/early winter time 
frames, may have been due to its relationship to other habitat or physical variables in the 
landscape.  During winter, ungulates tend to select for areas of gentle slopes (Bowyer et 
al. 1998), higher solar radiation (D’Eon and Serrouya 2005), and lower elevation with 
lower SWE (Boyce et al. 2003), all of which can be found near the Buffalo Valley floor, 
where a large majority of the riparian habitat is located. 
In the absence of supplemental feed, elk were placing their late winter/spring 
home ranges in areas with warmer temperatures, based on solar radiation indices.  
However, solar radiation did not appear in the top models for the fall/winter time frames 
of November-January, and it may not play as important of a role in establishing elk home 
ranges during that period.  Elk home ranges were more likely to be closer to roads during 
fall/winter 2008, but in late winter/spring 2007, elk home ranges were more likely to be 
farther from roads.  These differences may be attributed changes in the local snow 
structure or to small pre-migratory movements away from the valley later in the winter, 
perhaps in preparation for the calving season.  Increased sensitivity to disturbance late in 
the winter when elk may be more nutritionally challenged and movement may be more 
difficult due to snow accumulation, may represent an alternative hypothesis for the 
difference in the distance to roads. 
The distance to a disturbance, such as roads, can be an important factor associated 
with habitat selection by elk (Lyon and Christenson 2002, Ager et al. 2003, Wertz et al. 
2004).  Avoidance of roads by elk in the Buffalo Valley was not strong, and in some time 
frames elk selected home range areas nearer to roads, contrary to what has been reported 
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for ungulates in some other studies (Johnson et al. 2000, Lyon 1979).  However, elk did 
not avoid roads and human disturbance in selecting summer habitat in Montana (Edge 
1987).  This was attributed to other variables related to topography and traffic volume 
(Edge 1982), and also the type of road (gravel, logging, and highway) may need to be 
considered when assessing the influence of roads on elk (Marcum and Edge 1991, Ager 
et al. 2003).  Vehicular access to Yellowstone National Park at the south entrance near 
Moran, WY, is closed for the winter, so the highway that bisects the Buffalo Valley is the 
only highway coming from the east towards Jackson Hole, WY.  Limited road access to 
Jackson Hole during this season may result in increased traffic through Buffalo Valley 
and ameliorate the decrease in traffic volume from tourists outside the peak summer 
season.  The increased patchiness of the landscape caused by the highway decreases the 
contiguous nature of the habitat, possibly leading elk to incorporate more habitat patches 
into their home ranges (Rowland et al. 2000), including patches on both sides of the 
highway. 
Elk have traditionally been thought to have a high fidelity to their home range, 
with the acknowledgement that large range shifts by a relatively few animals may occur 
(Knight 1970, Craighead et al. 1972).  The fidelity of elk to their home range can have 
important management implications in terms of disease assessment and management and 
annual elk harvest guidelines, and can be problematic if elk migratory patterns cross 
jurisdictional boundaries (Boyce 1991).  Only about half (54% of 11 females) of the elk 
for which we had GPS collar data spanning at least two consecutive winter seasons used 
the same winter range in different years during our relatively short-term study.  Three of 
the 5 elk that did not return the following year to their home range in the Buffalo Valley 
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subsequently wintered at the National Elk Refuge, which has the largest wintering 
concentration of elk in Wyoming utilizing supplemental feed.  Two other elk that 
wintered in the Buffalo Valley in one year wintered in another area (~70 km away 
without supplemental feed) in another year.  Thus, variability among years in rates of 
seropositive tests for brucellosis in a given area may be partly explained by differences 
and history of individuals present on a given home range in a given year.  Elk that are 
considered primarily free-ranging, such as those that winter in the Buffalo Valley, have 
been assumed to have a decreased risk of brucellosis infection and transmission. That 
assumption may be incorrect if elk are frequently alternating their winter home range; not 
only between Buffalo Valley and the National Elk Refuge, but also to other wintering 
areas with no supplemental feed available.  
Fire, whether wild or prescribed, can influence forage availability and quality for 
elk and other ungulates.  Although fire immediately removes forage that is currently 
available on the landscape, future forage quantity can be increased (Wallace et al. 1995), 
forest floor litter may be decreased (Knapp and Seastedt 1986) and, in prairie habitat the 
quality and palatability of forage has also been shown to increase (Coppock and Detling 
1986), thus increasing the attractiveness of a burned area.  Following the 1988 wildfires 
in Yellowstone National Park, in the winters of 1991-92 elk used burned areas more than 
expected according to their availability on the landscape (Pearson et al. 1995), however 
burned areas in Yellowstone National Park were not selected ten years later during the 
winter (Boyce et al 2003). During spring, elk have been shown to select for areas of 
prescribed burn at a larger, study area, scale (Long et al. 2008).  Prescribed burning is 
conducted in the Buffalo Valley in an effort to stimulate aspen growth and promote the 
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use of native landscapes by elk.  In one fall/early winter time frame elk appeared to 
incorporate more mid-age burns in their home range than expected.  Selection for mid-
age burns during this time frame may be related to elk mobility and forage availability 
due to snow conditions, or perhaps avoidance of humans and predators. 
In late winter, elk in the Buffalo Valley were less likely to use the burned areas 
than the unburned areas.  Even with the possibility of an increase in forage quantity in 
burned areas (Wallace et al. 1995, Long et al 2008), burned areas did not appear 
attractive enough to draw elk away from home ranges on the valley floor that may have 
offered non-forage related benefits (Beck et al 2006), such as warmth (increased solar 
radiation) and ease of movement (lower SWE).  Concentrating habitat treatment projects 
in areas elk are already choosing on a large scale, based on other (physical) features of 
the habitat may benefit elk.  However, this approach may be less likely to achieve the 
objective of reducing spatial overlap between livestock and wintering elk.  
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CHAPTER 3. GENERAL CONCLUSIONS 
 We were successful in meeting our research objectives.  The deployment, 
retrieval and download of GPS collars allowed us to efficiently evaluate elk movements 
and their associated winter habitat selection with respect to habitat treatments and, in one 
year, supplemental feeding within the study area.  The placement and monitoring of 
transects in habitat burned and unburned areas allowed a nutritional comparison of 
several types of vegetation and also the evaluation of local snow characteristics.   
   When feeding was present, elk home ranges were significantly smaller than time 
frames when feeding was not present.  Home ranges and core areas of other vertebrate 
species have also been shown to decrease in size in the presence of supplemental feeding 
(Eifler 1996, Desy et al. 1990, Boutin 1990).  Some vertebrates will also increase their 
presence near supplemental feed (Ims 1987).  Elk were more likely to place their home 
ranges near supplemental feeding sites and their home ranges were significantly larger in 
years when they were not supplementally fed.  The selection for feed seemed to override 
the influence of the remaining parameters in the analysis during late winter/spring 2006. 
When not fed, it appeared that actual elk home ranges during February-April 2007 
were likely to incorporate areas with higher solar radiation indices, lower SWE, riparian 
habitat, and were likely to be farther from roads than random.  Similar selection trends 
were seen during November-January of 2006-07 and 2007-08, however, elk home ranges 
were closer to roads than random and were not well predicted by solar radiation indices.  
 We found little evidence that the habitat treatments that are conducted in the 
Buffalo Valley have a significant influence on elk winter habitat selection at the study 
area scale. Although some research has shown that burned areas are selected by elk in 
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winter (Pearson et al. 1995), other research indicates only selection of these areas during 
summer (Boyce et al 2003). The likelihood of elk incorporating habitat treatment areas 
into their home ranges was greater when feeding was not present in the Buffalo Valley.  
We found no nutritional or snow differences between habitat treatment areas and 
unburned areas in the Buffalo Valley, although in 2007 there was no vegetation in the 
most recently burned areas to sample.  Nevertheless, these finding are consistent with 
some previous studies (Wallace et al. 1995, Hobbs and Spowart 1984).  Lack of 
nutritional differences in winter may offer some insight into the lack of elk selection for 
burned areas.  However, other variables such as the amount of cover, patch size and 
elevation have been shown to influence habitat selection by elk (Unsworth et al 1998, 
Boyce 2003).  Using elk location data and habitat selection results from this research, the 
objectives of habitat treatments may be more easily reached by evaluating the geographic 
placement of future treatments, which may increase the likelihood of elk use. 
   Elk have traditionally been thought to show a high degree of fidelity to their 
home range (Knight 1970, Craighead et al. 1972).  Elk displayed limited fidelity to their 
winter home range of original capture in this study.  Five of 11 elk (45.45%) wintered at 
least 1 of 2 seasons in an area other than the Buffalo Valley.  This degree of infidelity, to 
our knowledge, has not been shown in the literature.  Important management implications 
exist for elk that show the ability to transition in successive winters, between the native 
winter forage in the Buffalo Valley to the supplemental feeding that exists at the National 
Elk Refuge (Boyce 1991).  Approaches to disease management, may need to consider the 
possibility that elk using the same winter range in successive years man not be the same 
individuals returning to their home range each year.  
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 This study was conducted in an effort to better understand the winter habitat 
selection by elk in the Buffalo Valley of Wyoming with respect to burned native habitat.  
We made a concerted effort to analyze habitat selection using parameters that are likely, 
or have been shown to influence elk behavior.  In no way were we able to control for all 
variation in elk behavior, and we acknowledge that many other factors exist that can 
influence the behavior of elk.   
 
LITERATURE CITED 
Boutin, S. 1990. Food supplementation experiments with terrestrial vertebrates: 
patterns, problems and the future. Canadian Journal of Zoology, 68(2), 203–220. 
Boyce M. S. 1991. Migratory behavior and management of elk (Cervus elaphus). 
Applied Animal Behaviour Science, 29:239-250. 
Coppock, D. L., and J. K. Detling. 1986. Alteration of bison and black-tailed prairie dog 
grazing interaction by prescribed burning. Journal of Wildlife Management 50: 
452-455 
Craighead, J. J., G. Atwell, and B. W. O'gara. 1972. Elk migrations in and near 
Yellowstone National Park. Wildlife Monographs 29 
Desy, E. A., G. O. Batzli, and J. Liu. 1990. Effects of food and predation on behavior of 
prairie voles: a field experiment. Oikos 58(2): 159-168 
Eifler, D. A. (1996). Experimental manipulation of spacing patterns in the widely 
foraging lizard Cnemidophorus uniparens. Herpetologica 52: 477–486. 
 
 
53 
 
Hobbs, N. T. and R. A. Spowart. 1984. Effects of prescribed fire on nutrition of mountain 
sheep and mule deer during winter and spring. Journal of Wildlife Management 
48(2):551-560 
Ims, R. A. 1987. Responses in spatial organization and behavior to manipulations of 
the food resource in the vole Clethrionomys rufocanus. - J. Anim. Ecol. 56: 585 
596. 
Knight, R. R. 1970. The Sun River Elk Herd. Wildlife Monographs 23. 
Pearson, S. M., M. G. Turner, L. L. Wallace, and W. H. Romme. 1995. Winter habitat 
use by large ungulates following fire in northern Yellowstone National Park. 
Ecological Applications 5 (3): 744-755.  
Unsworth, J. W., L. Kuck, E. O. Garton, and B. R. Butterfield. 1998. Elk habitat selection 
on the Clearwater National Forest, Idaho. Journal of Wildlife Management 
62(4):1255-1263 
Wallace, L. L. M. G. Turner, W. H. Romme, R. V. O’Neill, and Y. Wu. 1995. Scale of 
heterogeneity of forage production and winter forage by elk and bison. Landscape 
Ecology 10(2):75-83 
 
 
 
 
 
 
 
54 
 
APPENDIX 
 
 
Figure 1. Vegetation samples clipped from transect locations in the Buffalo Valley, WY 
in 2006. The percent content of protein and acid detergent fiber (ADF) in aspen, 
chokecherry, and willow, as well as their content of total digestible nutrients (TDN), 
which is a measure of the energy value in forage. A * indicates a difference of p<0.05. 
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Figure 2. Vegetation samples clipped from transect locations in the Buffalo Valley, WY 
in 2007. The percent content of protein and acid detergent fiber (ADF) in aspen, 
chokecherry, and willow, as well as their content of total digestible nutrients (TDN) 
which is a measure of the energy value in forage. A * indicates a difference of p<0.05.  
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Figure 3. The mean snow density (SWE/depth) measured across all transect locations 
during each survey date in 2006 and 2007 in the Buffalo Valley, WY.  Comparisons 
between 2006 and 2007 marked with an asterisk (*) were significantly different at 
p<0.0001). 
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Figure 3. The mean snow depth measured across all transect locations during each survey 
date in 2006 and 2007 in the Buffalo Valley, WY.  Comparisons between 2006 and 2007 
marked with an asterisk (*) were significantly different at p<0.0009). 
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